To examine the validity of subthreshold pediatric bipolar I disorder (BP-I), we compared the familial risk for BP-I in the child probands who had either full BP-I, subthreshold BP-I, ADHD, or were controls that neither had ADHD nor bipolar disorder.
| INTRODUCTION
Pediatric bipolar I disorder (BP-I) is a highly morbid and disabling neurobiological disorder estimated to afflict 1−2% of children. Because of its insidious onset over many years, subsyndromal manifestations of BP-I often precede the child's development of the full syndromatic state.
1 Studies document that subsyndromal manifestations of BP-I are likely to evolve into full syndromatic status over time 2, 3 and that these subthreshold states of BP-I are highly morbid in their own right. 4 Affected children with such pre-syndromatic states are commonly seen in the clinic. 5, 6 Although the modern study of pediatric bipolar disorders is in its infancy, the knowledge base surrounding the topic has grown unprecedentedly in the past 20 years. 7 The emerging literature strongly supports the notion that a subthreshold diagnosis of pediatric BP-I is prevalent and represents a source of significant morbidity and dysfunction. As early as the 1990s, Lewinsohn et al. 4, [8] [9] [10] reported that subthreshold BP-I in youth affected close to 6% of their epidemiological sample, and its presence carried with it elevated impairment, comorbidity, and suicide attempts similar to full syndrome bipolar disorder. In their sample, youth with subthreshold BP-I were experiencing higher levels of morbidity and disability than those with full syndromatic major depression.
More recently, Axelson et al. 3 reported on a large group (N=391) of high-risk offspring of parents with BP-I. The authors reported that 13% of these children had subthreshold BP-I, and its presence heralded significant morbidity. Axelson et al. 11 also reported in a longitudinal sample that 45% of youth with subthreshold bipolar disorder switched to full BP-I or BP-II over a 5-year follow-up period.
Other studies have yielded similar findings. In a longitudinal sample of ADHD youth, Biederman et al. 2 reported that those with subthreshold BP-I in childhood were at very high risk to switch to a full BP-I diagnosis in adolescence and adult years. In addition, a literature review by Uchida et al. 12 found that family history of mood disorder and subthreshold mania were predictive factors for a switch from major depression to bipolar disorder in children initially presenting with a depressive episode. These findings support results from recent longitudinal epidemiological studies, which have documented that subthreshold psychiatric diagnoses in childhood in general are highly predictive of impairment and dysfunction in adult life. 13, 14 Yet, severe criticism has been leveled against subsyndromal manifestations of pediatric BP-I. For example, First 15 termed subthreshold diagnoses a "catch-all" category that results in "a loss of important clinical information." Safer et al. 5 argued that subthreshold BP-I lacks reliability and raised concerns that using it in clinical practice could increase the likelihood of off-label prescribing of psychotropic medication. Rutter and Uher 16 critically concluded that the subthreshold disorder diagnosis was a "rather unhelpful 'rubbish basket' diagnosis,"
and Paris 17 similarly deemed it a "waste basket for the patient who does not meet criteria for any specific diagnosis."
While these concerns are rampant in pediatric psychiatry, the clinical relevance of subthreshold diagnoses is recognized as critically important in adult psychiatry. In a 2010 survey of 2406 adults, subthreshold psychiatric symptoms predicted severe functional disability at follow-up 18 months later. 18 Further findings have revealed that children and adolescents with BD subtypes experience significantly similar functional deficits to their adult counterparts.
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Reasonably, the authors of the 2010 study concluded: "The importance of subthreshold symptoms should not be underestimated."
Angst et al. have championed the use of a spectrum model of mood disorders, especially in distinguishing bipolar from unipolar disorders "as failure to recognize bipolar spectrum disorder could delay treatment and worsen prognosis." 18 Others have argued that a "mood spectrum model" is important for identifying individuals with severe psychopathology not adequately attended to in the DSM-5.
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Furthermore, it has been found in meta-analyses that, despite the heterogeneity of symptoms observed in youth with bipolar spectrum disorders (a phenomenon which often lends support to the previous description of subthreshold BP-I as a "catch-all" diagnosis'), the symptoms observed in evidence-based settings have remained similar over time. 21 In other words, bipolar symptoms in youth have been consistent over time, although they are wide-ranging. These most common symptoms are impairing and include: increased energy, irritability, mood lability, distractibility, goal-directed activity, euphoric/elated mood, pressured speech, hyperactivity, racing thoughts, poor judgment, grandiosity, inappropriate laughter, decreased need for sleep, and flight of ideas. As Van Meter et al. explained, "Understanding the roots of this heterogeneity could broaden understanding of the complex clinical presentation of pediatric mania, and aid in diagnosis." 21 Therefore, the data provide evidence that studying subthreshold patients will not cause unreliability or a loss of important clinical information, and in fact may add to the amount of clinically significant information gathered.
Given the genetic underpinnings of BP-I 22 and the recognition that gene expression can result in full or partial manifestations of the clinical liability, family studies can help verify the validity of subthreshold cases of pediatric onset BP-I. Shankman et al. reported on a family study of subthreshold psychiatric conditions (including subthreshold bipolar disorder) in a community sample of adolescents addressing the high rates of familiality for the same and other disorders in these subjects. 21 Lewinsohn et al. addressed the familiality of subthreshold pediatric onset bipolar disorder using a brief screen of familiality in a community sample of adolescents followed into young adulthood.
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The authors found similarly elevated rates of bipolar disorder in firstdegree relatives of both the bipolar and subthreshold probands. Hafeman et al. studied high-risk offspring of bipolar adults and found high rates of bipolar spectrum disorder, including subthreshold mania and mood lability, in the high-risk children. Outside of psychiatry, medicine has long recognized the critical importance of early identification of, and intervention in, incipient conditions. 
| MATERIALS AND METHODS
Detailed study methods have been previously described. 24 Briefly, fami- were not included in the present analyses. All study procedures were reviewed and approved by our Institutional Review Board. After subjects had been given a complete description of the study, all subjects' parents or guardians signed written informed consent forms and children older than 7 years of age signed appropriate written assent forms.
| Ascertainment method
Potential BP-I probands were ascertained from our clinical service, referrals from local clinicians, or self-referral in response to advertisements in the local media. To avoid biasing our sample toward familial cases of bipolar disorder, all probands were ascertained blind to the diagnostic status of their relatives. Subjects' parents or guardians were administered a phone screen to review their child's symptoms of DSM-IV BP-I. If criteria were met, they were scheduled for a faceto-face structured diagnostic interview. In addition to the structured diagnostic interview, an expert clinician (J.W.) met with each potential proband and his or her parents for a clinical interview in order to confirm the diagnosis of BP-I using the Kiddie Schedule for Affective
Disorders and Schizophrenia for School-Age Children Epidemiological
Version (KSADS-E) 29 mania module. We have published data on the convergence of these clinical interviews with our structured interview diagnosis for the first 69 cases. We reported a 97% agreement between the structured interview and clinical diagnosis in an analysis of 69 children. 30 We have also published data on the familiality of the BP-I probands, excluding subjects who did not meet full BP-I criteria. 21, 22 After completing the structured interview, 43 subjects were found to meet DSM criteria for either bipolar II disorder (BP-II) or bipolar disorder not otherwise specified (BP-NOS) rather than BP-I. We have defined these subjects as having "subsyndromal bipolar disorder". BP-II was defined according to the DSM-IV as hypomania (an abnormal mood lasting at least 4 days) and BP-NOS was defined as a severe manic mood disturbance that either did not meet DSM-IV duration criteria for hypomania or had fewer symptoms than required in criterion B (two items required for elation and three for irritability).
As previously reported, 25, 27, 28 ADHD cases were identified from either a major academic medical center, where we selected ADHD subjects from referrals to a pediatric psychopharmacology program, or from a Health Maintenance Organization, in which ADHD subjects were selected from pediatric clinic outpatients. Controls were ascertained from outpatients referred for routine physical examinations to pediatric medical clinics at each setting, identified from their computerized records as not having ADHD. Screening procedures were similar to those described for the recruitment of the BP-I probands with the exception that we queried about ADHD (and not BP-I) in the initial telephone screening, and each proband was not assessed clinically.
| Diagnostic procedures
We psychiatrically assessed the probands and their first-degree relatives. Psychiatric assessments of subjects (probands and their siblings) younger than 18 years were made with the KSADS-E 29 and assessments of adult family members (siblings and parents) aged 18 or older were made with the Structured Clinical Interview for DSM-IV (SCID), 31 supplemented with modules from the KSADS-E to cover childhood disorders. Diagnoses were based on independent interviews with mothers and direct interviews with children older than 12 years of age. Data were combined such that endorsement of a diagnosis by either report resulted in a positive diagnosis.
Interviews with both the KSADS-E and SCID were conducted by extensively trained and supervised psychometricians with undergraduate degrees in psychology. This training involved several weeks of classroom instruction on interview mechanics, diagnostic criteria, and coding algorithms. They also observed interviews by experienced raters and clinicians and were observed while conducting interviews during the final training period. In addition, all diagnoses were reviewed by a com- Interviewers also recorded the onset of the first episode, the number of episodes, the offset of the last episode, and the total duration of illness. BP-II was defined according to the DSM-IV as hypomania (an abnormal mood lasting at least 4 days) and BP-NOS was defined as a severe manic mood disturbance that did not meet DSM-IV duration criteria for hypomania and/or had fewer symptoms than required in criterion B (two items required for elation and three for irritability).
| Statistical analysis
Differences in demographic and clinical characteristics among probands were analyzed using one-way analysis of variance (ANOVA), Pearson's chi-square test, the Kruskal−Wallis test followed by Dunn's test, and
Poisson regression for continuous, dichotomous, ordinal, and count data, respectively. All analyses of first-degree relatives were performed using regression models with robust standard errors to account for the non-independence of the family members. Differences in demographic characteristics of first-degree relatives were assessed using linear regression, logistic regression, and ordered logistic regression for continuous, dichotomous, and ordinal data, respectively. We controlled for any demographic characteristic of the first-degree relatives that reached significance at the .05 alpha level. We analyzed rates of bipolar disorder using multinomial logistic regression and rates of major depressive disorder using logistic regression. All tests were two-tailed and conducted at the .05 alpha level. We performed all analyses using Stata ® (version 14, StataCorp LP, College Station, TX, USA). to socioeconomic status (SES), Global Assessment of Functioning (GAF) scores, and mean number of psychiatric comorbidities. ADHD and full BP-I probands were of significantly worse SES compared to control probands. GAF scores were significantly more impaired and the mean number of psychiatric disorders was higher for full BP-I probands compared to the other three groups, for subthreshold BP-I probands compared to ADHD and control probands, and for ADHD probands compared to control probands.
| RESULTS
Comparisons were made between the following groups: 687 relatives of full BP-I probands, 120 relatives of subthreshold BP-I probands, 511 relatives of ADHD probands, and 411 relatives of control probands. Demographic characteristics of the sample are presented in Table 2 . All four groups were of similar age, sex, and race but significantly differed in SES. Relatives of ADHD probands and relatives of full BP-I probands were of significantly worse SES compared to relatives of control probands. Thus, all subsequent analyses were adjusted for SES.
| Rates of disorders in relatives
As shown in Figure 1A , rates of full BP-I significantly differed between the four groups (χ There were also significant differences between the four groups in the rate of major depressive disorder (χ 
| DISCUSSION
Results from this familial risk analysis showed that youth with subthreshold BP-I had similarly elevated risk for BP-I and major depressive disorder in first-degree relatives to youth with full BP-I. These findings support the diagnostic continuity between subsyndromal and fully syndromatic states of pediatric BP-I. 
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Data are presented as mean ± standard deviation or n (%). ADHD, attention deficit hyperactivity disorder; BP-I, bipolar I disorder; SES, socioeconomic status. it progresses to a fully syndromatic state or not. The COBY study has contributed a substantial body of research supporting the morbidity associated with both fully syndromatic and subsyndromal bipolar disorder, including poor cognitive functioning, poor mental health utilization, and increased risk for suicidality and substance abuse. [33] [34] [35] [36] [37] [38] In addition, an emerging body of treatment studies include youth with subsyndromal diagnoses. 39 For clinicians, the use of a subthreshold bipolar disorder diagnosis permits a diagnosis-targeted treatment and provides a flag of risk for an individual severely compromised by emotional dysregulation. Rather than being disparaged as "rubbish," [15] [16] [17] subthreshold diagnoses of bipolar disorder merit careful consideration by both the clinical and scientific communities.
The present study has important strengths. To the best of our knowledge, this study represents the only controlled, blinded, direct interview family study of subsyndromal pediatric bipolar disorder to date. Our results provide strong support for the familiality of subsyndromal bipolar disorder, which further supports the validity of subsyndromal pediatric bipolar disorder as a diagnostic entity.
Nevertheless, our findings should also be considered in the context of methodological limitations. We used samples of convenience for comparators, but all studies were performed using identical methodology. We used lay interviewers with undergraduate degrees in psychology, rather than clinician raters; however, these raters were extensively trained to high levels of inter-rater reliability. We did not compute kappa coefficients of agreement for subthreshold diagnoses.
Future studies could benefit from analyses of clinician agreement regarding subsyndromal diagnoses. We only report on full BP-I diagnoses in relatives; future studies could benefit from a design that also analyzes subsyndromal diagnoses in relatives. In addition, although we did not administer structured diagnostic interviews directly to children younger than age 12 years, the diagnosis of bipolar disorder in probands was corroborated with clinical assessment by an expert child and adolescent psychiatrist. 
